Au-Sn
INTRODUCTION
The micro-bonding process is a key technology applied to LSI (large scale integration) packages. Applications of major bonding methods in the field of surface mounting include junctions between LSI chips and leads, and between leads and lead frames, junctions of substrates in packages using Sn-Pb soldering, and flip-chip bonding.
Recently, LSI packages and LSIs have achieved advances in miniaturization and integration, because electronic devices such as communication equipment, computers, household appliances, and industrial devices have been requested to be more compact with higher performance characteristics. Consequently, LSI packages have been improved in terms of multi-pin, small-pitch construction. As a result, it is urgently required to develop high-reliability, micro-bonding technology [1] .
Under these circumstances, thermal-compression bonding with a metal-plated component material has been attracting widespread attention as a method applicable to multi-pin, small-pitch junctions.
The authors have investigated the bonding technology of Au-Sn and Au-Ag junctions for LSI packages and reported that the relationship between bonding strengths and process conditions using model samples [2] [3] [4] . Furthermore, the authors revealed that the strength is altered by bonding structures depending on process conditions, particularly temperatures [2] . The report also discusses variations of strengths of Au-Sn and Au-Ag junctions and bonding mechanism, due to bonding pressure and hightemperature aging. Figure 1 and Table 1 show the shape and the specifications of samples used in this experiment. Bonding materials used were Cu of 0.2mm in thickness with plated Sn and Ag, and Cu leads of 0.035mm, plated with Au. The Cu leads were laminated with polyimide films so that a peeling test could be carried out easily. Junction parts are shown as edge parts hatched in Fig. 1 ; the width of the junction parts is 0.1mm. The junctions were bonded by a thermal-compression bonding method using a bonding tool made of a heat-resisting alloy. Figure 2 is a schematic view of the bonding equipment. Heating was carried out by a pulse-heating method, that is, the tool was heated by applying a pulse current instantly. A servo motor drive system was used for pressing. Pressing and heating were controlled by a computer. The junct- Figure 4 shows the effects of bonding pressure and ag- interface. Figure 8 (b) depicts the case where samples were bonded at a higher pressure than those of Fig. 8 (a) ; there were no unbonded areas. Therefore, it was revealed that satisfactory bonding can be assured by the high pressure. Figure 9 shows the enlarged cross-sectional structure and the AES line analysis around the Au-Ag interface. As a result of the line analysis, the intermetallic compound layer was not formed at the Au-Ag interface. It is assumed that the mutual diffusion across the Au-Ag interfaces occurred. However, the detail information was not clear for the diffusion of Au and Ag at the interface.
EXPERIMENTAL PROCEDURE
Kinetic energy (eV) Bonding Technology for LSI Package bonded, Sn including Au was molten, and much of the molten alloy was pushed out of the bonded layer, while creating a fillet consisting of Sn and Au-Sn eutectic alloy, around the bonded part [6, 7] . Cu diffused from the frame to the bonded interface. The alloy remaining in the interface and Cu formed the bonding layer consisting of a AuSn-Cu alloy. One presumption is, therefore, that the bonding layer became thinner. The details of the bonding layer consisting of Au, Sn and Cu, were not clear. The exsistence of Au-Sn-Cu intermetallic compound was not confirmed. It is possible that the Au-Sn-Cu alloy was composed of Au-Sn intermetallic compound and Cu solid solution.
On the other hand, there was a diffusion in the interface to maintain bonding at a Au-Ag junction, while nobonding layer such as a Au-Sn junction was formed. In the Au-Ag bonding process, part of the Cu material (lead) is first deformed plastically by thermal compression bonding. At that time, a layer of contamination on the surface of the Cu material is fractured, and a new phase is exposed. In addition, both metals proceed to contact more closely with each other on the surface of the bond. Atoms and holes are also diffused at the interface, resulting in a progressive contraction of voids. Thus, the bonded range continuously expands [8] [9] [10] . Therefore, bonding conditions including temperature and pressure are vital factors for the Au-Ag bonding strength. With the sample peeled at the interface of the Au-Ag bond, there was an unbonded area in the bonded part. This was due to the incomplete fracture (atoms, holes) of a film of contamination caused by low bonding pressure. When bonding pressure is high, the unbonded area is limited with the increase of the bonding strength.
The diffusion of atoms generally contributes to the improvement of the Au-Ag bonding strength. According to the results of observations and analyses of bonded structures, no diffusion layer of the order of micrometers in thickness could be confirmed. However, Au and Ag w- ere detected as a result of analyzing peeled surfaces. Consequently, it can be assumed that the diffusion of Au and Ag of the nanometer order takes place at the Au-Ag bonded interface.
According to the results mentioned above, it was revealed that the bonding strength depends on the thickness of the bonding layer for the Au-Sn junction, and the fraction of the unbonded area for the Au-Ag junction. Comparing the Au-Sn junction with the Au-Ag junction, the latter is stronger than that of the former excluding the bonding pressure of 50MPa. For the Au-Sn junction, the strength might be improved by reducing the bonding layer. Both Au-Sn and Au-Ag bonding strengths after thermal aging did not change from the initial value. It is considered that these bonding structures are not affected by thermal aging. 4 
